An efficient synthesis of 1,5-Benzothiazepines via Michael addition of corresponding (E)-1-(2-hydroxyphenyl)-3-(4-(phenylthio)phenyl)prop-2-en-1-one is described under ultrasound irradiation. A series of novel 2-((E)-2,3-dihydro-2-(4-(phenylthio)phenyl)benzo [b][1,4]thiazepin-4-yl)phenol derivatives was confirmed on the basis of 1 H NMR, Mass, IR spectral data and Elemental analysis. The synthesized compounds were evaluated for their antimicrobial activities. Most of the compounds were found to be comparable potent than the reference standard drugs. Utilization of ultrasound irradiation, simple reaction conditions, isolation, and purification makes this manipulation very interesting from an economic and environmental perspective.
Introduction
The 1,5-benzothiazepines scaffold is extremely versatile and features in a great number of famous drugs such as CGP3715(19), Clonazepam and Diltiazem shown in Figure  1 , and are well recognized for their multifaceted pharmacological and medicinal applications. Currently 1,5-benzothiazepines are being used as coronary vasodilators and as antidepressants. Also 1,5-benzothiazepine moiety is a privileged class of pharamacophore, as compounds bearing this structural unit possess a broad spectrum of biological activities such as anti-convulsant, 1 Ca +2 channel antagonist, 2 anti-anginal, 3 anti HIV, 4 squalene synthetase inhibitor, 5 V 2 arginine vasopressin receptor antagonist, 6 HIV-1 reverse transcriptase inhibitor, 7 etc. These have stimulated interest to develop new methodologies for the synthesis of 1,5-benzothiazepines.
The common strategy for the construction of the 1,5-benzothiazepine moiety is the reaction of 1,3-diarylprop-2-enones with o-aminothiophenol. 8 The various reported methodologies involve the use of inorganic supports such as alumina, silica gel and clay under microwave irradiation, [9] [10] [11] [12] AcOH or TFA, 13, 14 HCl, 15 piperidine, 16 and also the catalysts such as BF 3 .Et 2 O, NaBH 4 , polyphosphoric acid (PPA)/SiO 2 , MgO/POCl 3 , amberlyst-15, Yb(OTf) 3 , Al 2 O 3 /P 2 O 5 , AcOH/ MW, sulfated zirconia, N-bromosuccinimide (NBS), Ga(OTf) 3 , 17 sodium dodecyl sulfate (SDS), 18 have been used to improve reaction efficiency.
But many of these processes suffer from limitations such as requiring harsh conditions, expensive reagents, high catalyst loading, corrosive reagent, or toxic ions; low to moderate yields and occurrence of several side reactions. It is also necessary to find a milder, selective, nonhazardous and inexpensive solvents and there is necessity to develop a more effective synthetic procedure for the synthesis of 1,5-benzothiazepines. In continuation of our work on ultrasound irradiated synthesis of heterocycles 19,20 and the synthetic utility of ultrasound irradiation in organic transformation, The keeping in view the biological activity prominence of α,β-unsaturated ketones and 1,5-benzothiazepines, herein we wish to report ultrasound irradiated synthesis of new substituted 2-((E)-2,3-dihydro-2-(4-(phenylthio)phenyl)-benzo[b] [1, 4] thiazepin-4-yl)phenol 4(a-g) with comparative analysis through classical approach.
Result and Discussion
Chemistry. One of the most widely employed methods for the preparation of 1,5-benzothiazepines involves the reaction of o-aminothiophenol with chalcones under acidic or basic conditions. 21 The synthesis of compounds 4(a-g) were accomplished in two steps as shown in Scheme 1. Claisen-Schmidt condensation of 4-(phenylthio)benzaldehyde with o-hydroxy acetophenones in ethanol and aq. KOH under ultrasonication gave 3(a-g). Then 1,5-benzothiazepines i.e 4(a-g), were synthesized by using the most widely accepted strategy that involved a [4+3] annulation of α,β-unsaturated ketones 3(a-g) with o-aminothiophenol in ethanol under ultrasonic irradiation which were purified by crystallization from dry ethanol. It is worth noting that when 4-(phenylthio)benzaldehyde was used as the starting material, compound 4(a-g) was obtained as the final product, whose structure had an unusual imine (-N=C-C-) rather than enamine (-N-C=C-), as demonstrated by its 1 H NMR spectrum.
In order to obtain the optimum experimental conditions, the reaction of α,β-unsaturated ketones under ultrasonic irradiation has been considered as a model reaction Table 2 . The ultrasonic irradiation plays an important role in the synthesis of 1,5-benzothiazepines, the reaction rate was improved in short time span. To determine the appropriate time of the reaction, we investigated the model reaction at different times (15, 20, 25 , 30 min). The product was formed in lower yield at 15 min, and higher at 30 min. This indicates that 30 min was sufficient for the result. The reaction yield was improved under sonication at appropriate temperature. The best yield for 4a was obtained by ultrasonic irradiation at a temperature of 65 o C. The product was obtained within 30 min in 93% yield. In conventional method, the yield 4a was gained in 57% after heating 4-5 hr at 65 o C, it was observed that the reaction under ultrasonic irradiation had significantly improved yields.
Spectral Analysis. The structural assignment of the title compounds 4(a-g) has been made on the basis of 1 H NMR, Mass and IR spectral studies which were in full agreement with the proposed structures. The structure of 3d is interpreted from spectroscopic data. The IR spectrum of 3d showed a characteristic absorption band at 3200 cm −1 due to -OH & 1643 due to carbonyl (C=O) stretching. It's 1 H NMR spectrum of 3d reveals the presence of one unequivalent protons of a methyl group at δ = 2. 45 & exhibit presence of olefinic protons as a doublet at δ = 7.05 and 7.92 regions with a mutual coupling constant value (J = 12.98 & 13.01 Hz). These observed coupling constant values indicate the presence of E,E'-configuration form the structure and there is two singlet proton at δ = 6.93 & 7.56 due to aromatic region. Remaining aromatic proton appears at their respective position. The phenolic -OH is highly deshielded and appears at δ = 12.73 ppm. Mass spectrum of (E)-1-(2-hydroxyphenyl)-3-(4-(phenylthio)phenyl)prop-2-en-1-one showed (M+) & (M+2) peak at 380.04 & 382.13. IR spectra of compound 4d reveals absorption band in the region 3435 cm −1 corresponding to -OH stretching of phenolic broad band and 1445 which may be assigned to C=N beside the absence of carbonyl absorption band of structure 3d and 678 due to C-S-C stretching. In 1 H NMR spectra of 4d, the CH 3 proton absorbed as a singlet at δ = 2.39 and the triplet at δ = 3.31 (J = 12.12 Hz) due to C 2 -H of thiazepine ring and δ = 3. 31 showed doublet of doublet (J = 4.8, 13.2 Hz) due to C 3 -H thiazepine ring and doublet of doublet at δ = 5.04 (J = 4.76, 12.04 Hz) for 1H proton and rest of the aromatic proton appear at their respective position. Mass spectrum of 4-
Experimental. Melting points were determined on a Veego apparatus and are uncorrected. Infrared spectra were recorded on a Bruker spectro-photometer in a KBr disc, and the absorption bands are expressed in cm General Procedure for the Synthesis of (E)-1-(2-Hydroxyphenyl)-3-(4-(phenylthio)phenyl)prop-2-en-1-one 3(a- g): Aqueous KOH (1.85 gm, 0.033 mol) was added to a suspension of o-hydroxyacetophenone (1.5 gm, 0.011 mol) and 4-(phenylthio)benzaldehyde (2.83 gm, 0.0132 mol) in 15 mL ethanol. The mixture was irradiated under ultrasonication for 4-5 hr, completion of reaction was monitored by TLC. The mixture were poured on crushed ice and acidified with dil HCl. The precipitate obtained after acidification were filtered and washed thoroughly with cold water till it is free from acid and dried. The residue was recrystallized from a suitable solvent to afford 3(a-g). The physical and spectral data of the compounds are the following.
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General Procedure for the Synthesis of 2-((E)-2,3-dihydro-2-(4-(phenylthio)phenyl)benzo[b][1,4]thiazepin-4-yl)phenol 4 (a-g).
Conventional Method: In a typical experiment, the mixture of chalcone (1.00 gm, 0.003 mol) and o-aminothiophenol (0.38 gm, 0.003 mol) in ethanol (15 mL) in a 100 mL round-bottom flask and the reaction mixture was reflux at 65 o C for 4-5 hr as shown in Table 2 . The completion of reaction was monitered by TLC (20:80 EtOAc: Petroleum ether as eluent). After completion, the reaction mixture was poured over crushed ice & the solid obtained was filtered, dried and recryalisation in dry ethanol to afford the corresponding 1,5-benzothiazepines.
Ultrasound Method: In a typical experiment, the mixture of chalcone (1.00 gm, 0.003 mol) and o-aminothiophenol (0.38 gm, 0.003 mol) in ethanol (15 mL) round-bottom flask equipped with a stopper. The reaction mixture was irradiated under ultrasonication at 60-65 o C for the desired time as shown in Table 2 . The completion of reaction was monitered by TLC (20:80 EtOAc: Petroleum ether as eluent). After completion, the reaction mixture was poured over crushed ice & the solid obtained was filtered, dried and recryalisation in dry ethanol to afford the corresponding 1,5-benzothiazepines. The physical and spectral data of the compounds are the following. Antimicrobial Activity. All the newly synthesized compounds were screened for their potential biological activities such as antibacterial activity against Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC27853) as a gram positive bacterial and Staphylococcus aureus (ATCC 25923) gram negative bacterial strain. The Gentamycin was used as reference standard in antibacterial study. Compounds were also screened for their potential antifungal activity against Candida sp. and Clotrimazole was used as reference standard in antifungal study. The antimicrobial activity of the synthesized compounds was screened by agar well diffusion method
22
; The DMSO was used as solvent control. The culture strains of bacteria were maintained on nutrient agar slant at 37 o C. The wells of 6 diameters were filled with 0.1 mL of solution at fixed concentration 25 µg/ mL separately for each bacterial strain. All the plates were incubated at 37 ± 0.5 o C and plates containing fungal organism were incubated at 28 ± 0.5 o C for 48 hr. The zone of inhibition of compounds was measured using mm scale. The results of the antibacterial and antifungal activity screened of the tested compounds are summarized in Table  1 . The zone of inhibition of bacterial growth with these mentioned compounds was near to the standard. Minimum inhibitory concentration (MIC, μg/mL) was measured & compared with control; the MIC values of the compound screened were given in Table 1 . It has been observed that the compounds exhibited interesting biological activity how-ever, with a degree of variation, Most of the compounds tested were found to have good antibacterial and antifungal activity, from the Table 1 , it can be observed that compound whereas compounds 3a, 3b, 3d, 3e, 4b, 4e and 4g showed good activity against Escherichia coli (ATCC 25922) and Staphylococcus aureus (ATCC 25923), Likewise compounds 3b, 3c, 3e, 4b, 4c and 4d were also showed good antifungal agent against Candida sp. and A. fumigates. It is interesting to note that the change in the substitutents might also affect the antimicrobial activity of synthesized compounds 3(a-g) and 4(a-g) the compounds in which thiazepine ring is substituted at position R 1 = Cl and R 3 = Me by the heterocyclic rings, displayed notable antibacterial activity almost equal to that of standard drug. However, this trend was translated exactly to antifungal activity.
Conclusion
In summary, this work demonstrates a rapid, efficient and environmentally friendly method for the synthesis of novel title compounds substituted 2-((E)-2,3-dihydro-2-(4-(phenylthio)phenyl)benzo[b] [1, 4] thiazepin-4-yl)phenol derivatives 4(a-g) under ultrasound irradiation and result obtained confirmed the superiority of ultrasound irradiation method over the conventional method. All newly synthesized compounds were analyzed by spectroscopic data likes.
1
H NMR, Mass, IR spectra and Elemental analysis. And evaluated the antimicrobial activity, the antimicrobial study show that all compounds were showed good activity against standard drug. Scheme 2. Proposed mechanism for the construction of the 1,5-benzothiazepine.
